Measurements
of blood flows and skin temperatures of the hands were collected on two healthy, white, adult male subjects (table 1). All studies were conducted in a constant temperature room with closed circuit ventilation and a turbulent air velocity of approximately 3 mph. The room temperatures ranged from 16.4' to 302"C., and remained steady during any experimental day within rfi 02°C. The relative humidity was uncontrolled and varied from 37 to 65 per cent, with the higher humidities occurring at the lower temperatures.
Within the temperature range studied, such humidity changes were not considered significant (13, 17, 18) . In the procedure, similar to that previously reported (5), two plethysmocalorimeters were used as air plethysmographs ( fig. 1) . A heating coil in the air inlet of one plethysmocalorimeter (left) permitted alterations of the incoming air temperatures.
Air flow through the apparatus, maintained at an average value of 600 1 /hr., produced an air flow of approximately 1 mph. about the hand.
Hand skin temperatures were measured by two sets (one on each hand) of 10 no. 30 B. 85 S. copper-constantan thermocouples, connected in parallel so that one temperature reading represented an average value for one hand.
Because the recorded skin temperatures did not necessarily indicate the t!hermal state within the hand, a needle thermocouple was also used in two experiments.
This thermocouple, constructed of no. 40 B. & S. copper and constantan wires insulated with varnish, was inserted in a no. 25 hypodermic needle with the junction fixed at the tip. The instrument was calibrated at various needle depths and with various temperature differentials between tip and base.
Rectal temperatures were not recorded because previous work at this laboratory demonstrated that they did not necessarily represent the true state of heat balance within the body (5). Other investigators have confirmed this . finding (3, 16 ).
Both subjects wore light cotton undershirts, light cotton shorts, and herringbone twill fatigue trousers.
Light woolen socks and standard service shoes were worn except during periods of immersion in the water bath.
On the day of an experiment, the subject entered the test chamber at 8:30 a.m. and remained at rest two to three hours.
At the conclusion of this conditioning period, thermocouples were attached in a manner previously reported (5) and the hands placed in the two plethysmocalorimeters.
Skin temperatures were measured until a steady state had been attained, i.e., until the average hand skin temperature remained unchanged within =t 0.1 OC. for no less than thirty minutes and usually for one hour.
As soon as a steady state had been attiained, blood flow records were obtained using the venous occlusion method with a modified Brodie bellows (5) . A series of at least seven flows was obtained on each hand and the average used. Flows were usually obtained on the left (heated) hand first, since no significant differences were observed when the right (unheated) hand was occluded first. With both hands unheated and with essentially the same skin temperatures, control blood flows were obtained on both hands at room temperatures ranging from 16.4" to 302°C. Within this range and at specified temperatures, additional blood flows were collected while the left hand was heated to skin temperat,ures varying from 24.8" to 43.1"C.
To determine whether uniform heating of the left hand occurred, an additional experiment was conducted.
At the colder ambient temperatures, the left hand was heated to a skin temperature of 35.8" to 36.2"C. After blood flow measurements and removal of the hand from the plethysmocalorimeter, the needle thermocouple was inserted into the dorsum of the heated hand, In an effort to quantify the amount of heat required to produce an mdlrect effect on skin temperature and blood flow, the legs were heated during studies in the coldest ambient temperature. To obtain control values, blood flow records were collected on one hand when the hand skin temperatures reached a "steady state". Thereafter, either one or both legs were immersed in a water bath to a depth of 39 cm. The temperature of this bath, regulated by a thermostat witlhin =t O.l'C., was, in different experiments, maintained at levels of 38"C., 4O"C., and 42°C. During immersion, hand skin temperatures were recorded at 5-minute intervals and blood flow measurements at ZO-minute intervals. flow control is mediated through the concentration of metabolites in the tissues and local tissue temperature (14) .
The present results obtained on human beings in an ambient temperature of 17OC., do not substantiate this conclusion. At such an ambient temperature, the blood flows of the unheated hands of both subjects remained unaltered, but in the heated hands of both subjects, a slight increase in blood flow appeared at the highest hand skin temperature. However, at this hand skin temperature, the blood flow was not commensurate with that usually observed at higher ambient temperatures. It is apparent (1) and Freeman (6)) who stated that blood flow in the intact hand is primarily dependent upon the over-all necessity for the dissipation or conservation of body heat.
The tissue temperatures (tables 4, 5) recorded with the needle thermocouple reveal ample heating of the heated hand and ample cooling of the unheated hand. According to the results, the skin temperatures of the hand of subject C.C. did not equal those of subject B.F. This can be attributed to the fact that greater cooling had occurred because of technical difficulties delaying the thermocouple readings on subject C.C. The values obtained, ho\\-ever, are ' consistent with those obtained by other investigators (2) .
The data collected during water-bath immersion studies (figs. S-lo), all at an ambient temperature of 17"C., emphasize the amount of heat required to produce indirect vasodilatation.
When both legs were immersed in water baths at a temperature of 42"C., increases in hand blood flow and skin temperature appeared, accompanied by a subjective sensation of warmth. The time required for this reaction varied: for subject J.S., the reaction began in Wenty minutes; for subject C.C., it began in forty minutes. Moreover, the subject with the quicker response developed more severe subjective sensations. At the end of 25 minutes of immersion, he became uncomfortably warm and The other subject merely lost his sensation of chilliness and perspired only slightly at the conclusion of a comparable period.
With the immersion of only one leg in a water bath at 42"C., or with the immersion of both legs at either 4O*C. or 38"C., no significant alteration in hand blood flow or skin temperatures occurred. However, there was a sensation of warmth in the parts immersed and, occasionally, a general sensation of warmth. Figure 10 is representative of the lack of response observed in the above conditions.
From these results, it can be concluded that a definite amount of heat must be applied to the legs to produce an increase in blood flow and skin temperature in the hand. Only one of the subjects was studied in an ambient temperature of 22°C. At this level, a blood flow greater than the control value appeared in the heated hand, but the blood flow in the unheated hand remained unchanged.
At an ambient temperature of 24"C., the reactions in tIhe unheated hands of both subjects were similar to those observed by Freeman (6). Not only was there an increase in blood flow, but also a slight increase in skin temperature. A possible explanation may be found in figure i' where the hand skin temperature is plotted against the room temperature for data in this paper and other data previously reported (5) . According to the results in this figure, skin temperature approximates room temperature within the range of 15" to 21.5OC. From 21.5* to 25"C., a marked increase in skin temperature occurs; it rises to 35OC, at a room temperature of 25°C. Above a room temperature of 25"C., the rate of increase in skin temperature decreases until at a room temperature of 38"C., skin temperature again approximates room temperature. These three slopes correspond to the three physiological zones described by Winslow et al. (17, IS), although the temperature zones are lower and only apply to the hand. The present results indicate that the "zone of body cooling" for the hand lies below 21.5"C., the "zone of vasomotor control" lies between 21.5"C. and 25OC., and the "zone of evaporative control" lies above 25OC. In the "zone . of body cooling" for the hand, the conservation of heat prohibits local vasodilatation during local heating accompanied by a skin temperature as high as 42.1°C.
In the "zone of vasomotor control" a delicate balance exists. Small increments of heat will produce indirect effects as well as local effects.
The ambient temperature of 22°C. represents an intermediate level where only local effects occur.
The increments in the opposite hand produced in an ambient temperature of 24OC. by local heating may be attributed to the phenomena of general or central vasomotor control. During the studies conducted in an ambient temperature of 3O"C., the blood flows and skin temperatures of both subjects increased above control values in the heated hands, but remained essentially unaltered in the unheated hands. In this zone, the "zone of evaporative control", marked vasodilatation has already occurred and any additional heat is largely dissipated by an increase in the evaporative processes.
But, by increasing the blood flow, the hand can remove excess heat more quickly and the increase in blood flow in the heated hand becomes a protective mechanism.
Furthermore, the elevated hand skin temperature probably increases the local concentration of metabolites which, at this temperature level (3O"C.), may augment the vasodilating process. From these results, it is concluded that the skin temperature of the hand does not necessarily reflect the actual blood flow through that extremity, but that this blood flow is a reflection of the need of the body for dissipation or conservation of heat. SUMMARY 1. The blood flow of the hands of two lightly clad, healthy, white, male subjects was investigated at ambient temperatures ranging from 16.4" to 30,2"C., by means of two plethysmocalorimeters.
In this investigation, one hand was heated to various levels of skin temperature and any alterations in the skin temperature and blood flow of the opposite hand were recorded. 2. Deep tissue temperatures indicated that the heating and cooling of the respective extremities was not confined to the skin.
3. Further studies were conducted in which either one or two legs were immersed to a depth of 39 cm. in hot water baths (38°C.. 4O"C., and 42°C.) at an ambient temperature of 17.5"C.; the effects on hand skin temperature and blood flow were observed.
4. When a "steady state" has been reached at ambient temperatures of 21.5OC. and lower, the blood flow in the hand appears to be dependent upon the overall need of the body for the conservation of dissipation of heat. Indirect vasodilatation can be induced if sufficient heat is applied.
5. At ambient temperatures of 21.5" to 25"C., a delicate vasomotor balance FERRIS, FORSTER, PILLION AND CHRISTENSEN exists and slight additions of heat to one part of the body produce vasodilatation in other parts. 6 . At an ambient temperature of 3O"C., an increase in the blood flow of the heated hand occurs.
This may be regarded as a protective mechanism for the removal of excess heat. At this temperature, no significant changes were observed in tlhe unheated hand.
7. The results of these studies appear to indicate that under cold ambient conditions (21.5"C. or lower), the central mechanism controls peripheral blood flow for the purpose of conservation of dissipation of heat, whereas in higher temperature ranges, local control may become active and indirect vasodilatation mav be induced.
The authors wish to thank Dr. Eugene M. Landis and Dr. Harwood S. Belding for much helpful criticism.
Tee 4 Charles Collazo and Tee 5 James R. Singleton supplied technical assistance.
The figures were prepared by Mr. James P. Collins.
